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Multiply-charged myoglobin ions retaining the prosthetic heme group have been formed by 
eiectrospray, injected into a quadrupole ion trap, and stored for up to one second prior to 
mass analysis. Collisional activation experiments indicate that these ions readily fragment 
into the charged heme group and the complementary apomyoglobin ion. No fragmentation is 
observed, however, upon ion storage in the presence of a neutral bath gas at 1 X 10m3 torr 
for up to one second. The significance of this observation is that these non-covalently-bound 
ions, in which both the heme group and the polypeptide carry charge, are kinetically stable 
for over one second at room temperature and, perhaps, at higher temperatures. This suggests 
that other biologically relevant ions derived using electrospray and bound by non-covalent 
interactions can be studied using the various tools available with ion storage mass spectrom- 
eters and by other techniques that employ relatively high pressure environments for the 
study of gaseous ions. (1 Am Sot Mass Spectmm 2994, 5, 324-327) 
G 
aseous ions comprised of biomolecular species 
bound by non-covalent interactions have re- 
cently been reported using electrospray [I-15]. 
The ability to form such species is particularly signifi- 
cant due to the importance of non-covalent interactions 
in biological systems. Examples include peptide-pro 
tein complexes [1,2,5], DNA duplexes 18,9] and 
quadtuplexes [7], and protein-prosthetic group com- 
plexes [3,12,13,15]. The significance of their existence 
in the gaseous state derives largely from the fact that 
they can be studied via mass spectrometry, a powerful 
tool for molecular weight and structural information. 
Characteristically, biopolymeric ions derived from 
electrospray are multiply-charged [16-201 and can 
therefore be expected to be destabilized by internal 
coulombic repulsion [21] when the individual compo- 
nents of the complex each carry a net charge. To date, 
virtually all non-covalently bound multiply-charged 
biomolecule clusters have been observed using beam- 
type mass spectrometers, principally quadrupole mass 
filters, wherein ion lifetimes of up to several hundred 
microseconds are required for observation of the intact 
ions. Recently, several examples in which non-cova- 
lently bound biomolecule complexes have been stored 
in the low pressure environment of the ion cyclotron 
resonance spectrometer have been reported [22]. This 
report describes the trapping and storage of multiply- 
charged myoglobm for periods up to at least one 
second in the presence of a relatively high pressure 
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bath gas in a quadrupole ion trap. For these ions to be 
observed retaining the non-covalently bound heme 
group they must survive passage through the atmo- 
sphere/vacuum interface, as they also must with 
beam-type mass spectrometers, and must also survive 
the processes of ion trapping, ion storage, and mass 
analysis. Each of the latter events provides opportunity 
for ion dissociation, particularly in the quadrupole ion 
trap operated in the presence of a bath gas at roughly 
one millitorr. 
Experimental 
A 6 PM solution of myoglobin (Aldrich, St. Louis, 
MO) in water was infused at a rate of 2 ~L/min 
through a 120 km-i-d. (500 pm o.d.) dome-tip needle 
within a home-made pneumatically-assisted electro- 
spray source. All experiments were carried out using 
an Ion Trap Mass Spectrometer (Finnigan, San Jose, 
CA) modified for electrospray. Details of the apparatus 
and procedures for acquiring a mass spectrum have 
been described [23]. Spectra reported here are the aver- 
age of 360 individual scans with each scan, including 
ion accumulation, requiring roughly one second. The 
mass/charge range of the Ion Trap Mass Spectrometer 
was extended by a factor of five via resonance ejection. 
Given the fixed scan rate of 5555 Da/s of this system, 
extending the mass/charge range also increases the 
scan speed in equal proportion. Mass spectrometry/ 
mass spectrometry results were obtained using two 
resonance ejection periods to select the mass-to-charge 
region of interest followed by conventional ion trap 
resonance excitation to effect collisional activation [24]. 
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A wide mass/charge range was isolated to avoid colli- 
sionally exciting the parent ions in the mass-selection 
steps 1251. 
Results and Discussion 
Ionized myoglobin is one of the first and most widely 
studied weakly-bound species formed via electrospray 
[3,12,13,15]. Katta et al. showed that the native form of 
the protein could be ionized under neutral pH condi- 
tions [3]. Much larger signals and more highly charged 
ions are observed for apomyoglobin, however, using 
solutions prepared at low pH [3,12,13,15]. Electrospray 
mass spectra of apomyoglobin have already been re- 
ported using ion trapping instruments [23, 26-321. 
Figure 1 shows the electrospray mass spectrum of a 6 
PM solution of myoglobin in water employing an ion 
accumulation period of 0.8 s prior to mass analysis. 
The spectrum shows prominent signals due to the + 9, 
+ 8, and + 7 charge states of myoglobm. Smaller sig- 
nals are observed for apomyoglobin at +S and t7 
charge states as well as the singly-charged heme group 
at m/z 616. The relative intensities of the signals due 
to the heme group and the apomyoglobin ions are 
highly dependent upon the atmosphere/vacuum inter- 
face conditions of pressure and electrode potentials. 
This suggests that these ions arise from fragmentation 
in the interface as has been noted previously with a 
beam-type spectrometer 1121. However, dissociation 
might also occur upon ion injection into the ion trap, 
during ion storage, or in the process of mass analysis. 
For example, fragmentation has been observed for some 
covalently-bound ions injected into the ion trap from 
external ion sources [33-351. This fragmentation is 
attributed to internal excitation of the injected ions via 
inelastic collisions with the bath gas as they are kineti- 
cally cooled to the center of the ion trap. Small weakly 
bound ions, such as the molecular ion of tetraethylsi- 
lane [36] and protonated water clusters containing 
three or more water molecules [37], have been shown 
to fragment during ion storage in the ion trap. Ion 
storage in the presence of a bath gas brings the internal 
temperature of trapped polyatomic ions to at least the 
temperature of the bath gas and perhaps higher due to 
rf heating [38]. Ions can also be induced to fragment 
due to inelastic collisions in the ion ejection process 
that takes place during mass analysis 1261. 
Figure 2a shows the MS/MS spectrum of the +8 
charge state of myoglobin acquired after mass selec- 
tion of the m/z 2190-2310 region and colliiional acti- 
vation of the +8 parent ion. Two product ions are 
observed corresponding to the ionized heme group 
and the complementary +7 apomyoglobin ion. The 
product ion peaks are noticeably narrower than the 
peak associated with the isolated parent ions because 
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Figure 1. Eledmspray mass s-m of Q 6 pM solution of 
myoglobin in water acquired with a quadrupole ion trap follow- 
ing an ion accumulation time of 0.8 s. Multiply-protonated myo- 
globii is represented by filled circles, whereas multiply-proto- 
nated apomyoglobin is represented by open circles. 
Figure 2. (a) MS/MS spectrum of the +8 charge state of myo- 
globin employing a 300 mV amplitude dipolar resonance excita- 
tion signal for 100 ma (9. = 0.19). Multiply-proton&d myo- 
globin is represented by a filled circle, whereas multiply-proto 
nated apomyoglobin is represented by an open circle. (b) MS/MS 
specimm of the +8 charge state of myoglobii in the absence of 
resonance excitation and with a storage time of 1 s at qr = 0.19 
prior to mass analysis. 
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the resonance excitation signal used to collisionally 
activate the parent ions excites a narrower range of 
mass-to-charge values than was isolated. (Note that no 
loss of neutral heme was observed, in contrast to 
MS/MS data acquired using a beam-type tandem mass 
spectrometer [12]. Ion trap collisional activation prefer- 
entially promotes energetically favored decomposi- 
tions [39]. Relief of coulombic strain would favor the 
loss of charged heme from the complex over loss of 
neutral heme.) Figure 2b shows the spectrum derived 
by mass-selection of the ions in the m/z 2190-2310 
region and storing them at a qr value of 0.19 for one 
second prior to mass analysis via resonance ejection 
[40,41] at a rate of 27,775 Da/s. No detectable heme or 
+ 7 apomyoglobin ions are formed during this storage 
period. Assuming a collision rate constant of 5 X 
10~‘OP5 x 10 y cm3-molecules’-se 1 for this mvo- 
low the tools of quadrupole ion trap ion mass spec- 
trometry, such as collisional activation, photodissocia- 
tion, ion molecule reactions, etc., to be applied to this 
important new class of gaseous ions. 
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